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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a method capable of easily designing a magnetic 
recorder such that the high density recording is allowed over the thermal fluctuating 
limit. SOLUTION: When a thermal assist magnetic recorder provided with a magnetic recording 
medium, a heater and a magnetic head is designed, the stable preservation time tst of the 
recording magnetization and a thermal fluctuation stabilizing coefficient beta st calculated from 
beta (T)=KuV/kBT are decided (where Ku is the magnetic anisotropy energy density, V is the 
activated volume, kB is a Boltzmann's constant), and the equation Delta tEQ=exp(1n(Detta 
t)-beta +beta st) is defined to the medium temperature T in the specified time interval Delta t. and 
the equivalent deterioration time tEQ is obtained by the calculation from the equation tEQ=Sigma 
(Delta tEQ) adding Delta tEQ over the time the deterioration of the recording magnetization is 
substantially generated, to obtain the equivalent deterioration time tEQ, then the specification of 
the magnetic recording medium, the heater and the magnetic head are decided so as to satisfy 
the- relation tEQ - - - 
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/l^S««<4AD,+ADi+AD3+ -T**<OT, h 

-:J';l^«0FcOfiFt<,t<,i<4Ftot.i=l n (AD. + ADj 

+ AD3+ -) t^l,, fcC:^>*i, .TiOFtotal^KOffi 

v^^:t-r-fc:3^SiL3tfiA Fi*>4>»ai-t2>tc 

[00 381 ^ZT. ^^B^hii^i^izmmmti. 

l.*ffi*WC*>^ ^ t ^.ItB L/C. ^5feMbi*0fc 

^tirzb^(oism.{tffy^i\^^\'^i:. ^iibWltS^ 
mitcr>^^ti^t^-^hmssMmi!ti¥<^mi&x-<Dmm 

tztm-th zbtzx *)^»<nms9immi:mi>hz 

[00391 ®#<7)y::»(c. i: tXK 

uv/kBT=>8 (T) t*j&. ^«^^mrat„$-tm 

•thm¥b^j:im^X'<^/3<m^0,tb-ti>, rco« 

l^aiJ^A t fcfcV^-C. ( 4 ) 5«(4 
xp (-/8) • At) 

Atgg) 

A t Ep i'i^^xmmm^^tdmmzimmtni. ^f* 
btx<^Mmmit<o^ita.izMftii-imm^^^imisti^ 

SLfct mmit<^mti<m (^m. ^-) 
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[ 0 0 4 0 J mMmm<r>mmm^^W}-ifot-<7) 

( = £Atg,) tg^<tst^:V^9PI^S:Slf^ 
[004 1] c:<7):tr£-c<i:, B§iajijp;iiA t t'co^ 

mo±x<'imx'Uk'yLi}^Mk^(nns. ms^m 
0ts,Ag§/l^»^as$i^l.^r)(iBB^>*'T•^i?,. -muz 

digaS4^SJ£ j: b ffi&mfO 1/10 i:W&V:M 

x.fziAm!i±<r)\s.&'^z^umkm^^^^ixx 
mio^m:j±ti><ni}^'^x'hi>, ii-c, a-^oiB 
Ms*fr. mm^Tff)itmnom^iz\i. i^a^A 

1 5^ 1 On s J: f)A^^\,mz-tttimi)^^l,z^^f:z 
ibKfttW ±ie<7)2^<7)A t(7)3*>''h$V»JicOfi2:A 

<7)Saa<7)tt*^ n s <7)=t-r--C-*S«0T\ ^^l^A t 
^ 1 n s*g|{c-rSi:*^BB»c:J:S*ffi<OfiJ^*J^h?< 

mm^t>h{iLSx-cr)§cMmmsmi:T.^r. ^ffl^r, 

t LJt i: # , fimiEa«f*J*^' ( T, + ( T.„ -Tr ) / 
1 0 ) Ja±<oSgt:ft»^*i.f «r^5i^l5l5r 1 om^lf:: 
mtit:^ib, ti*<l~l OnsOJ^lC{iAt = 
ti, ti*»'l Ons^Sx-&^(C:<±At = l Ons. 
ti*n n s *g}COJt^lCtiA t = 1 n s tCg^-TI*:: 

^^cr,miz^mi^ti>Miim:f-<^^-i't LX 

mmf^co^mmtr ( t > , h-i^-t^f^^i^ 



SiJfJI-rsCli, ji^<7)3eie«sm-C'tTi?iiT^^SJ:o=3r 

Lxmmm(0±^ t - ^ ^ y ^'SSraH-r ^ i: tc 
iO. dT/dtS-:«c#<ir-5*|&|fc3g^t$-e-6J:4:*f 

^m^m.m(ix d T/d t ^/js? <^-ii-^ ^ t tx-^ 

HftcOT (t) ?:PSt-Sit*-'T-?=S. ^fc, 1^— r 
•C^^ri^Jr^^ri^XTAOJ^t'Jl. »l)am::MLT 

(t) S:aftts^t**r#&. 

[0 04 4Ua^^®OKu (T) <i, ^fiKWiW 

mik<miRiizx*)Umti:ittfiX'^^. tf:. ku 
(T) isK^e^fl^c^iatt«c^/^{i^^ttfK(7)^. 
3D. ttdimmm<mmmff>st'ftizj:'ixi>mm 

[00451 tllK^a^tctJV^Tti. JKttSii^Stc^^ffl 

[00461 ^mmzx^m^mstixx/miim 

ni+^x-S)i>. WF. :lnAl,z-y\.^xmm■r&, ^ 
mrnm. mmmzmt^tn^miznixm.^'y 

m.x'immmmm^h¥m^tifzmJb?>\'^ 
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$>6t . ^ymmm<omi^<mxMmm 

^^titzmmzfmii>^'imim<mx.^iftn£^j:(i>^ 

m»hy-y :?±i,zi}\,^xmitmm^m(mmizn ix 
A ts, ^imtxnhtifztii)tftK,)< t,t<^mw>i:m 

100471 tZ^X\ xtf I/-- f3feS-^«iOE 

mi&<r>±x'^^itxmii'mi^^^n'?rz^ 
izii. ^(omumh^mm^iixim^iix it 
di^, smmi^mmmmizmLxi-t>. mm^it 
amnx^ ^^izixtmmA^m^iii tx-com 
tz. msn^ y )'i)>hmms.itmT^ mf^imm^ 

6Zti±^^K fzfdL. mM^-y}^lzJ::t>m^(omim 
m^\.^t. »i&^j:md}<X'^^J:<^&}i'tixm&. 

[0 0481 ^zv. *nm(y)mymkmm^i. 02 

iZTviLfzi 0 i,zmmsmi'm:ifcfw.mm(nTi,zm'r 
tdmMi}-hmm.ffi%mmzn Lxm&&i:^^> 

1 0 0 4 9 J ±Bm^^-vm.^-m^\,±. teniii^t: 

mtimt)^ t>m. l fzmm.^<nmmmmmizR^(r) 
x\ zcnztiwmh^mtmmi-^Ltzmsx' 
ibhhm^Lktn'%t, mmm<.zimmmrti- 
vvi^im.-ftfz^^z\i.. ( 1 ) smmmmM^ 
^■^\zmm<rm^m.mm:^\., «>o < 2 ) 

^\z->\^X\i-W^^'^^ixhi,(nx-ii^j:\K ^tf=5r 

10 0 5 0] tm^tmi^ t a^mzm^ 1 n mui±co 
^pmtim^mn i>J:\,\ ±^tfzXo tieni t mm 
mtcomzii^!^'^mmmm\^x\^xhx\\ t 
jCfL. mms<mitmi/'^$^lzffx.h)^^z^i. :m 
t^^mKmmtx^j:<rmr\ iimtmmm(r> 
mz^mmmtictmiu^. zmmmcom 



$J±1 nniULIiT*.W«c«»S^ffiSf^fflS:^r<i-SW 

XX *)Jimizmm^'^(0^t U^V^J^WJB nmULh 

10 0 5 1] WF. i&m<mmit<r>?a^iBtzX':> 
xmm^im^-ri>7m\z-:>\^xmi:mfxmt 
I. t-r. fmMfpm.^^z)5uxm}im^YMX'h^. u 
mm<r>!ikiii^s^mx'n.mwjHzmm.\ti:% 
oii^fcouTiKwrs. 04 (A) izm<nm^2 
hmm^<mmm^immizm^. @4 (a) co 

<oiii#?r*-r. 04 (B) f,zimm2i,zi5\i^mm.-n^ 

[ 0 0 5 2 ] 04 ( A ) {t9pi-X 0 tC. WS^gt®^ 
F$-^tfiel*^y HI 5fc:J:-5T. lESJlSfciDf 
«Stg«2<^,riilirffli^l>tSif^*M5?^-5 1 1 

^ffT* L^c:friii]c7)f Bijjatif ^iie^s 3 
«s8fl:RiE5:ie^-r. zff)t^. {B) (oxo^xm. 
msm^Wftm^-rmm 2 «±i6j ^ ix^ 

m^'yxm^<r>j\"j^yy^mLfz^m:'^-^t^<r)m 
mmm±i-?> . wii*>-fiit^ 2*^a,(7)-9-;k- hm^ 

[ 0 0 5 3 1 04 ( B ) c5 J: 3 ^m.^msm^^i:^-t 

tc«. «tg«2«aSJi3t|nlll#{cS^I:R«-r&^i:*« 
»4LVn ^r€^r^>lf. ttfig®2*mRCL^rV^i:ji 

<^xi>ii^t>x'S>h. ismm2<mmMmAim\.i> 
mm3<7)mm^^m-^m^izm:^x-7x^>^ 
h-s!m\t^x^\ fetus, ntimcomim^mmtimm 
mmmem^Ltmix, 'h^<xtx\>^L±^< 
xi>x\>\ tfz. immi)mmmuzmm(omriz^j'^ 
LX'i>mim<^>mR!s^m¥^^tx\'^titi, mm 
(nmf^^'mmzx^mmmmK'z t hfz 

^•rtix-mco;^pm^xOh'>x\>-^xi>x\>\ miz 
$mm 3<7)mmM<7)<^x'm^is.i.z^x-yx\,^i^i^x' 
^(>mm'i&u\<7)x\ ^<7)mizx m\,^-*t^- 
Ka?^*fWJD$ni. X 0 iz, tsmm2nm.^mm.mi 

[0054] ±M<r>x o iz^ m&izis\,yxm^m.imx- 
i>o. *-->iimim&x-mmmmmitiw^m. 
mmi:m\'^h^izii. @4 ( s > izinttzxdizmi 
mmvx'immmcrymm^^comnjp-^u h 



(to) )0 2- 175602 (P200 2-1 7DI48 



10 0 5 5] tfc. mmm&izfi\,^xmmitmx' 

mm^'t^t^ixizx -yx^-thmmm^^^rt-m^ 
05 (A) (B) izmmizm: iicomi, le 

g^ei..S«^S-*LTt^S. 05 (A){ii2fiK-/K 
(B) {i^^ v H*'^>Ti6i#<^aif**q«inSiiT 

BlcL-CV^?,. 05 (A)fcJ:t/(B);c^$ni.J:o 

mMSkThmmmiz-^^^x. ma^izmmm 

»jSlll^fl!l£O0!l^06 (A) aXX/ < B) tc^wt 

co^t,H5 (A) axx/^B) tmkiz, ie»BW 
10 0 5 8} \^-ni(r>^x'hm^mizm'^^m' 

iltfhZtizJi-^X. 04 (B) cO!^t|Sl«C. »5ffi 

[0059] zco^u Txeifii'vv K$>i>v^{ijaMie 
msi'i^m$itxhxv\ ttc. mmsiTiTizmit 

nmmco^^izmmimz^i^u T^m^i:mm:'h 
h. mm.mmz^^j:^vUTxmmbLxii, ^ 

[ 0 0 6 0 } iXlr . t8fiE®*<Slg(;fcUTm-ig'(b«T- 
ab 0 . SiSTRT'coJtgSJKjtM r (Tr) t Sffl J: 0 tav ^ 



>Mr(TK)(?55g^*<J)0, A-OiaST.Aiie^iW^BStT) 

s. ^<r)j:^^rigig®{i. mmii^zti\.^xmm^<^ 
'mm.w^tMzmmhi.o^j:mLii^*>. j:o 

[00611 Z<nk 3 ?5r«liESt-?k^T, Mmizm 

hmm<mm:}}mm.m^mmb^ti\zi. r,x 
m.-tmm.^mmi < a > isitr < b > 

h. tfz. 07 (A) fcil/ (B) l^^L/ciofc. le 

■^kmrnc. ^UTyt.m.mmiai-txdtzixi>x 

[0 06 21 Htt^rdt*!, Mr(T,)tMr(TK)«Ol$ 

^im^i^izi>^x(it?>. ^com^:mzw:t. t 
-r. zcom-^^mtteom.mmmsiz^xoiz^j: 

?>^^m<^m^mmx'iim^itb^jEx-},6. z<^t^. 

(A) axif {B)ir>Xo lz^j:h . JlOfc ^^iiSLttft 

i3^Bm^tix\'^^^iz{i, mtm^x-mMmiT^ 

iJ^^tjliaaiWiHg (a) Jsitf <B) fcS^UcJ:^ 
I.. 

[0063] ±ie«j: 3 ^isiga k vxim±m-m 

±^^i)mitf(>hh. Tb-Fe. Tb-F 

e-Co. Tb-Co, Gd-Tb-Fe-Co, Gd 
-Dy-Fe-Co, Nd-Fe-Co, Nd-Tb- 

F e - c o ^j:k'x-t}^ , ztii:><r)Mm(imm ( mo ) 
hi^mmnm.. *sv^iiTMy-yf«js-ctiim« 

^mk-tiZkX. 07(OJ:3^iagtftfc:a^ig 

m^m^tmrnzmi^tLicox-nt u\ 

[00641 trc, tSlglfctt, SVHt^i'J-iSJg 

tm^x^mmx'm&^tifi^-mmmkmzinmt 
m^m^^m^ti>x v mm ttz^- h 

v^TtJ:v\ z<^^. m-mmmt5xx/ni-tmm(r> 

m^i^mm i o iz^-tx o ^rw^tc^rs , m'^'co^^i 
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[00651 m~mmtf^zm^t <mizmm& 

mitrntLXii. mtHRu. Re. RH, I r, T 
c. Au. Ag. Cu, Mn. Si. Cr. $>h\,\iiZ 

( 0 0 6 6 1 s?t , mmm.t Mhtii i><o<7)^i)> 
m.iii:rp-mmt^h*). z<7)Xd^ttmimMtix 
[0067] mm^iiTFctiyc^b Lxn. ^->\^mt 

rzttiiF e , C r , C o(7)^X\ Mfi^tZUM 
n-Ni. Mn-Pd. Mn-Pt, Cr-Pd. Cu 
-Mn, Au-Mn, Au-Cr, Cr-Mn, Cr- 
Re. Cr-Ru, Fe-Mn, Co-Mn. Fe-N 
i-Mn, Co-Mn-Fe, I r-Mn^i:**%'J. 
ttzmii^. ft{«^fc«AuMn. ZnMn. FeR 
h, FeRhIr, Au2Mn, AusMnn. AU4C 
r, NiMn, PdMn, PtMn. PtCr, PtM 
na, RhMn3^ri:'*5fcO. iOfflSfclMnsP t-N. 
CrMnPt, PdPtMn, N i O. CoO^k'im 

[00681 *.^m<^ffmmwrc\i . 
X'immmtvk^ < o ifi^xh^cn^x-. i ocoi- -y 

[00691 

if'7xms.2 1 ±tr. ^$100 am<r)S i Oj*»^>^r 
^.^lTii^2 2. lf?14 0nmcOZnO*»^>5r?.^ 
2T«Ji23. J|r^2 0nin<0CoCrPt*>^>^r&IS 
§lieft®2 4, 0nmCO;&-dfy*^ic>^rl,{egl 

sm/^^m'Fzeimtfzm^^-y Y^wmmz^ 
y-2Hfm.\it,iix\^i>, m^smim^m.^ 

^tt. X7^:5^-2 7fcJ:tfie»/S4*^2 6{±ia 

mmm±.m±.uzm^x-m.^tih. z<r>mMi 
-rnkkx-iiSmmm^mA 5 0 0 r p mxm^^^ 



St, 3 0 n mc^m-mm t>tih . iamieii«(*<^T 

^rfc«. l2»/ffi4*^^2 e^^gfcj^JStl. J: p HP 
— f28*5iilSSni.. -fLT. «f*;<0;ef5XSec21 
ffli*^/^.. iE«/?f^*^2 6irF<0fia^iE»S24{;:Jt 
LT. g@9 00ninfc:^L>t»:g64 1 rniKDl^- 

[00701 C:<7)|ja^iE^<i. Ku*i8X10«erg 
/cc. «a*Hc*i4kOeT'*l?. ^ffl (251C) 
fciJftS/S (T) =KuV/keTc7>e (^S^S«S:/3 

^m:m.Ltzk;ib, esisAiiiast^LTfifa'u- 

-,STc ) Ii6 0 OK ( 3 2 7-C) X'h->fz. 
[00711 C«aE^I2«6M<*S:«3[5iii/sT-Isn£$ 
•If-. ^'?7-5mWT'^-ir3Kf-a^lWLJtfc#<oag 

2t^-f. 01 2(ct>v>T{i. j^xmie^i 

i'fim^Hfot L-Tgji^raSr^^LTt^l.. 01 2 J: 

<7.mon sX'mM^mmti^(omu}^±^L, ^aia 
1 0 0 n smmx-mmmmnimm^ 

KX\^i,ff)1^hii>h, 

[00721 ^^7)ia^ieiiji«c^jjg«^ffT«t- 

l«|/iLAt=4. 2ns-CAtg,2rtt«L. 
(t„) SrIfrmLfc. 012C4Ji^rtt. iSR-CAtg, 

cnm.. msx'm.Lfzti^<^{t^m. tfz. mi 

2t:<±. Zff)-/XT-J^co^^'Bmt^t^^= 1 o^v 

[007 31 01 2*^/^BB(i,*»^J;^tVj:iecO^N'V- 

■C'<±i^^>r*»'jB)t$^x.t:f&Wjec:§. -it. mi 2 

SLT*^^>4 6. 2nsig3gf •&*r<7)K(C'^-/KA>^> 
j,ttt,t=i0^i')MN3<^:'?. i^XxAiStiSrW 

m^»tki^»m^izmm-i&MX 0 tf^:?- ( ^ u 

mmmmt i. o iz-ttm. mimm^-tz t ^: 

mim.^zmum^^ -f-rcry^mcnwmm^^ 
^^^zmhzti)-x'%h. 

[00741 m.mn^^t:m^-thtz)h{z^ ±.ti<r> 
mmmx"^-)Sim.xffmmm:''n^fz. ^-f. 

j'j;^' ( 1 0 n sffis) x-irhLtci/^f^mmim'trw 

y r^WX 0 1 M^- y 2 5 o n m 

( 5 6 n s«S) tUbSIL/iJ^WiCNRf 3 0 d B 
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(4 0nsm) ar^^^mm^mm i o d b 

tTmmz&rtt^, =5rtJ, «MSEJS*'2 5 0nin (5 

0 n sffls) vxtx'ii, mmt^:k^\'^iit'm^^¥& 

[0075] mz. U—fXii! y hC0&.Ui:tmt^^r y 
r/pf>hU-»Jy^:!:.-yz^S6tz250nm (SOnsffl 

10076} (miim2)mmmitmmmi:'o. u. 
aajHcA^tijar-fe'Dtc^rsiag (=¥a'j-^Tc) *55 
ooK (=2 2 7'c) TftsstMenas-mv^/caji- 
[00 7 7] i«ji5^i2^afwOv>-c. iiii0»itH 

ia»^{c^^i!^iaiStERJuB5S ( d e 1 a y ) « 5 

4 . 6 n s t-^oTt. HKtc. ie«^^ vr-i'-ifx 

[0078] iB»^^ -yr- l--rX7K V h^OSgl^ 

[00791 mHt^r,X . *f6BH<^*&Ttg,^m 

0. 4mYli:XTX'h^Zbi!'hi)-t. *IQfeW^oat«E 
SHacO^S^ffW , 5 ^miSiimC N R<;)fiT*>' 1 . 
5dBfc^«$il-CV^S. 

[00801 J:tlK, BS«^^•'7- k C N R<D1&T 
t(m^M. 0. 5mWT'2. 5dB, 0. 4mWt- 

1. 8dB. 0. SmYiX'ldBX'h'O.^^miZX^ 

[00811 msta^ie^s^ssriin- • um^m^ 
■t^bmiz^x'ht. ^mmmx'^aifzXoiz^ * 

[00821 ) S i 02Tt6®5r«V.TTJft 

®S-m$100nmOZnO«0»kL, BtSSiegSSrS 
^20nmtfOCoPt-Ot L^rJ-Wi. k^ 



20K. ;8^tAn SOX-Jbofc. CKOi^XxAtS^S 

[00831 i^offimie^l^s^-o^^T. *itwi2k^ 
afc. mi^xhmsi.smtizu~^mm-hmm 

Kifciblz. U-^izX?>mi&.Sii:Wmmhy yi^ 

1 0 n mmx'^&^-t. nr/mmm h 7 v ^ o 

Q.mm'7xn^^fT\>\ m^^&<^iti:m^z. * 

[00841 ^ioat$\iefi^S(coi ^x. ^wmim 
fHsw/NV- (mw) . imammi^^' 

A'M^ilTia^b&m ( d e m a g n e t i z e d ) 

•fXTiivhtOMtirzibiz. ZcmftiM^^n^^ 
^ihy 'yi'^^-i^ii><'mtr^j:i>*>mmm& ( n 
m) kLTie^LTHS. 

[0085] 014*»<i,t>*>-S.J:3(c, BBJt/N'v-Sm 
Wi-C-tiK^WSife^JiOX-fc^. L?t*»'oT.013 

Zi^tc\'\ tZ^ti<, .^i*>'\'V-AMmWt^:^k. h 
yyi' 4"D*>^>*!> 3 0 0 n m<0««-cmM^^^C: 

[0086 nag^Tvxhia^eMi^'XxixTJi: - 

X\,^lb^lZ. ^(^X-^Vy-/9m.iWy^-=J 

iimhcbifssim^^ih. mi4(nimi)^h. 
i>fmY^'y:^tx'<r)m. (mmz\i^hy-y:?i,t 

hhWM!m.<f>:i^-y'yt.X'<mSt) 5:3 0 0 nmtXHZ 

wm-i'^i}'^hi>b\^om:f^mm(i>ixh, 
[ 0 0 8 7 1 ^<oi 3 *j:WaMm\i. mt\fmmi<r> 

%-thzbii^x'^h. zfi.t3(r)mm.t:m^<^:^x-^ 

m^^i^mmsz^ o ^ k ifx% t , 
[00881 (mam ) ^mmxM. mmmm 
mmzmunjvxmmm uz b %<^^i^ rt^ov ^x 

m Uz. :^'yxms./m^ 3 O O n in<0©:®1tTW 
1 5 n m<OC o C r P t eSO^ai/'^S 2 n m 

L,t. ::«^emi£!»w±i83t*58 0T'i)0, «^fi^Hc • 



<e3))02-175602 ( P 2 0 0 2- 1 7D|48 



*5«U3:HfDfc=5r2.iag i U-^Tc ) *J5 0 0 K 

(. = 227'C)X'$)'>tl. 

[0089] immmhm<nm.m^immm 

-^mcoax^ioxx'hhztim^btz. nm<o^ 
tJtJi^K^oa'ig^fr^Nvi'^'eoi o%fc 

[0090] ±12^0 J: 3 t-C*>6/;^Sf5rffiv V 3K«c 
S:l!23 0m/'s-Clfilfe$-li-. FWHMSOnm. 0. 
5 1 mW. 5ns (Dl/— Vl';^S^gglt L^i^^lSS 

fiigMCl'MtT*»40. 3 3 3 n sim-th±X-<r) 

mz^^y Yi)^himm.^m\^^tix\^ut. ^ixim 

[00911 c:^ J: 3 fc, *l6i»o^rffiT<i. ^.n 

[0092] (||ffigf!5)OT<0J:dfcLTJa^B»iiE 

Onm£7)T i v—Kl. if ? 3 0 nmiON i F e C 
t^. J5$l 0nm<7) (Fe53Pt47) -S i OjiE!» 
a. 3 n m<7);{?-^>'«aJi5r«5Jjx/'«.y 9W.ZX 

<rm^Z\i. 0. 5PaC7)Ar#BIM4"A.601^S<O«S 

[0093] f£«il(7)KfcHiffi|^^SjSaBi^mM (T 
EM) i&fflv^-CIH'Ottc:'^. i(CFePt*>^,^:&tt 



OS i Ot1)^(:>*j:h$m^mX'm^tlX\^l,WMt 

^j:^x\^tz, %mm^W)mmmi. m.-}iHz±tz 

i »)a@m:frttX*/l.df-^]KKu*<6 X 1 07 e r g/ 
f«i*-|«aK±:t Sa^aWSr^ L . W&DM 3 0 0 O e 

T'j>o!t. /j/^'L, mmw5Hzi>^m.itmm 

*>, MStt*|Sl<?3VSMai^-«SBy74 0 0Oe. S@ 
IKYfc 1 0 0 e m u/c c,<iD#ttS- io. 
[0094] ico»BE®{iii:!SeTM!!fl<OfSf)i,*3t 

^0. ^Sill^ (iBHeil^S) ){)f«»a2fi|j:^ 
e»®{cm^2 0nm<^CoCrPt 
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PRIOR ART 



[Description of the Prior Art] Densification is demanded of the magnetic storage (HDD) which performs informational 
storage and reproduction with the improvement in processing speed of a computer in recent years. However, there is a 
physical limitation in densification. 

[0003] The magnetic-recording medium of HDD equipment has the magnetic-recording layer which consists of the aggregate 
of a detailed magnetic particle. It is necessary to make small size of the magnetic domain recorded by the magnetic-recording 
layer for performing high-density magnetic recording. It is necessary it to be required for the boundary of a magnetic domain 
to be smooth in order to be able to classify each of a small record magnetic domain clearly, and for that to make a magnetic 
particle small, and to divide a magnetic particle magnetically mutually. Moreover, in order to make magnetization transition 
width of face small, it is necessary to also make thickness of a magnetic-recording layer small. Therefore, it is necessary to 
make small volume of the magnetic particle which became independent mutually magnetically which constitutes a 
magnetic-recording layer. If a magnetic particle is made minute, an anisotropy energy (anisotropy-energy density Kux 
magnetic-particle volume V) will become smaller than heat fluctuation energy, and it will become impossible however, to 
hold the sense of the once recorded spin. This is called the heat fluctuation limitation or superparamagnetism limitation 
(super-paramagnetic limit). 

[0004] It is possible to enlarge Ku simply, for avoiding heat fluctuation. However, since the coercive force (it records) He 
when forming a reversal magnetic domain in a magnetic-recording medium is proportional to Ku mostly, it needs a big record 
magnetic field to perform sufficient record for such a medium. Here, the property of head magnetic pole material of 
detemiining a record magnetic field has reached the physical limitation mostly, and the record magnetic field beyond the 
present condition cannot be expected. That is, the demand of densification cannot be met only by enlarging Ku. 
[0005] Then, while heating the magnetic-recording medium, the so-called magnetic recording medium of the heat assistant 
magnetic-recording method which records by impressing a magnetic field is proposed. Since Ku of the field is made small and 
magnetic recording is performed by this method by carrying, out partial heating of the medium at the time of record, record 
tkecomes possible by the present magnetic head also by the medium with large Ku in a room temperature. However, since 
such a magnetic recording medium includes the heating means in addition to the conventional equipment configuration, the 
"pafameterTof oTpHm^ and when it is going to determine specification through the trial production of 

equipment, and record/reproduction examination, it needs huge research. Moreover, since an adjoining truck is sooiewhat 
heated at the time of record, the phenomenon (cross erasion) in which heat fluctuation is accelerated in an adjoining truck and 
a record magnetic domain is eliminated happens. Moreover, even when the head magnetic field immediately after record is 
lost, heat fluctuation is accelerated similarly and disappearance of the magnetic domain formed at once arises from the 
medium being heated to some extent. In order to solve these problems, change of Ku to temperature needs to use the steepest 
possible material near the record temperature. However, since the temperature change of Ku of the CoCr system to which the 
present development is progressing, and a CoPt system magnetic thin film is linear in general, the improvement in track 
density or the improvement in track recording density is not so much expectable. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic-recording medium which has a magnetic-recording layer, a means to heat a magnetic-recording 
medium, and a means to impress a magnetic field to a magnetic-recording medium are provided, the aforementioned 
magnetic-recording medium Heat fluctuation stability- factor beta(T) =Ku V/kBT [ in / tst and temperature T / in the stable 
reserve time of the record magnetization demanded in a room temperature ] (here) It is deltatEQ [ in / deltat / it cuts fine time 
predetermined / that* the heat fluctuation stability factor in a room temperature by which anisotropy-energy density is 
calculated for Ku and a volume change of activation and kB are calculated for V from a Boltzmann's constant is betast and / 
in the aforementioned magnetic-recording medium, and ] deltatEQ=exp (ln(deltat)-beta+beta st) 
It is defined as (the heat fluctuation stability factor to the temperature T of a magnetic-recording medium [ in / each time 
serration deltat / here / in beta ]). The equivalent degradation time tEQ calculated by formula tEQ=sigma (deltatEQ) which 
adds deltatEQ over the time in which the magnetic-recording medium is held at the temperature to which degradation of 
record magnetization takes place substantially is shown. The magnetic recording medium with which the stable reserve time 
tst of the aforementioned record magnetization and the aforementioned equivalent degradation time tEQ are characterized by 
filling the relation of tEQ<tst. 

[Claim 2] The magnetic recording medium according to claim 1 characterized by defining the temperature to which 
degradation of record magnetization takes place substantially more than as the temperature which added 1/10 of the 
temperature gradients of the highest attainment temperature and the room temperature in the temperature profile of the heated 
magnetic-recording medium to the room temperature. 

[Claim 3] Cut fine the aforementioned time and deltat calculates the value ti which divided the time in which the 
magnetic-recording medium is held at the temperature more than the temperature which added 1/10 of the temperature 
gradients of the highest attainment temperature and the room temperature in the temperature profile of the heated 
magnetic-recording medium to the room temperature into ten equally. The magnetic recording medium according to claim 1 
characterized by being set as Ins for 1 0ns when ti is 1 - 10ns, ti and ti exceed 10ns, and ti is less than Ins. 
-[Claim 4] -The^aforementioned deltatEQ is a magnetic recording medium according to claini 1 characterized by being added in 
the time after magnetization transition was formed on the arbitrary recording tracks of a magnetic-recording medium. 
[Claim 5] The magnetic recording medium according to claim 1 characterized by for heat fluctuation stability-factor betast in 
the aforementioned room temperature being 60 or more, and the stable reserve time tst of the aforementioned record 
magnetization being more than for five years. 

[Claim 6] The aforementioned magnetic-recording medium is stratum functionale which consists of the magnetic substance on 
a nonmagnetic substrate. The magnetic substance in which a perpendicular magnetic anisotropy is shown including a magnetic 
particle and the non-magnetic material which exists between them. It is the magnetic recording medium [ equipped with the 
above ] according to claim 1, and it has the field which magnetization reversed directly under the field which magnetization of 
(1) magnetic-recording layer has reversed, and is characterized by fiilfiUing the conditions of having the residual 
magnetization component of (2) perpendicular directions. 

[Claim 7] The magnetic recording medium according to claim 6 characterized by preparing the non-magnetic layer with a 
thickness of Inm or more between the aforementioned magnetic-recording layer and the aforementioned stratum functionale. 
[Claim 8] The magnetic recording medium according to claim 6 or 7 with which the aforementioned stratum functionale is 
characterized by being a magnetization film within a field in a room temperature. 

[Claim 9] The magnetic recording medium according to claim 8 which the aforementioned stratum functionale is a 
magnetization film within a field in a room temperature, and serves as perpendicular magnetic anisotropy fihns above 
transition temperature Ts, and is characterized by the aforementioned transition temperature Ts being lower than the highest 
attainment temperature of the stratum functionale at the time of record operation. 

[Claim 10] The magnetic recording medium according to claim 6 or 7 which the aforementioned stratum fiinctionale is 
perpendicular magnetic anisotropy films in a room temperature, and the relation between the residual magnetization Mr in a 
room temperature TR (TR) and the residual magnetization Mr in the temperature Tx higher than a room temperature (Tx) that 
the sense of Mr(Tx) >Mr(TR) or Mr (Tx), and Mr (TR) is reversed is, and is characterized by temperature Tx being below the 
highest attainment temperature of the stratum functionale at the time of record operation. 

JCiaim. H] .The mafirotic recording medium accordingaojclaim I Q characterized by the aforementioned stratrntLfunctionale . . .^ . 

being a rare eaith-transition-metals alloy. 
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[Claim 12] The aforementioned stratum functionale is a magnetic recording medium according to claim 10 characterized by 
repeating the aforementioned unit once or more, including the unit which carried out the laminating so that 
antiferromagnetism switched connection of the primary- function layer and the second stratum functionale which were formed 
with the magnetic substance with which Curie temperature differs mutually might be carried out. 

[Claim 13] The magnetic recording medium according to claim 6 to 12 characterized by carrying out the laminating of the 
unit of the aforementioned stratum functionale / magnetic-recording layer repeatedly once or more, 
[Claim 14] Magnetic-recording medium. A means to heat the aforementioned magnetic-recording medium. It is the stratum 
functionale to which a means to impress a magnetic field to the aforementioned magnetic-recording medium is provided, and 
the aforementioned magnetic-recording medium consists of the magnetic substance on a nonmagnetic substiate. The magnetic 
substance in which a perpendicular magnetic anisotropy is shown including a magnetic particle and the non-magnetic material 
which exists between them. It is the magnetic recording medium equipped with the above, and it has the field which 
magnetization reversed directly under the field which magnetization of (1) magnetic-recording layer has reversed, and is 
characterized by fulfilling the conditions of having the residual magnetization component of (2) perpendicular directions. 
[Claim 15] MAG characterized by providing the following. The magnetic-recording medium which has a magnetic-recording 
layer. A means to heat a magnetic-recording medium. The stable reserve time tst of record magnetization [ in / a room 
temperature / medium / magnetic-recording / aforementioned ] / and heat fluctuation stability-factor beta(T) =KuV/kBT in 
temperature T (here) in designing the means recording device which impresses a magnetic field to a magnetic-recording 
medium It is deitatEQ [ in / deltat / heat fluctuation stability-factor betast in the room temperature / density / 
anisotropy-energy ] by which Ku is calculated and a volume change of activation and kB are calculated for V from a 
Boltzmann's constant is determined, and it cuts fine predetermined time about the aforementioned magnetic-recording 
medium, and ] deltatEQ=exp (ln(deltat)-beta+beta st) 

It is defined as (the heat fluctuation stability factor to the temperature T of a magnetic-recording medium [ in / each time 
serration deltat / here / in beta ]). Calculate by formula tEQ=sigma (deitatEQ) which adds deitatEQ over the time in which the 
magnetic-recording medium is held at the temperature to which degradation of record magnetization takes place substantially, 
and the equivalent degradation time tEQ is found. The design method of a magnetic recording medium that the stable reserve 
time tst of the aforementioned record magnetization and the aforementioned equivalent degradation time tEQ are 
characterized by determining the specification of the aforementioned magnetic-recording medium, the aforementioned heating 
means, and the aforementioned magnetic field impression means so that the relation of tEQ<tst may be filled. 
[Claim 16] The design method of the magnetic recording medium according to claim 15 characterized by defining the 
temperature to which degradation of record magnetization takes place substantially more than as the temperature which added 
1/10 of the temperature gradients of the highest attaiimient temperature and the room temperature in the temperature profile of 
the heated magnetic-recording medium to the room temperature. 

[Claim 17] Cut fine the aforementioned time and deltat calculates the value ti which divided the time in which the 
magnetic-recording medium is held at the temperature more than the temperature which added 1/10 of the temperature 
radients of the highest attainment temperature and the room temperature in the temperature profile of the heated 

jnagneticrrecording medium to the room temperature into ten equally. The design method of the.magnetic recording medium .. „ 

according to claim 15 characterized by being set as Ins for 10ns when ti is 1 - 10ns, ti and ti exceed lOhs, and ti is less than 
Ins. 

[Claim 18] The aforementioned deitatEQ is the design method of the magnetic recording medium according to claim 15 
characterized by being added in the time after magnetization transition was formed on the arbitrary recording tracks of a 
magnetic-recording medium. 

[Claim 19] The design method of the magnetic recording medium according to claim 15 characterized by for the 
aforementioned heat fluctuation stability-factor betast being 60 or more, and the stable reserve time tst of the aforementioned 
record magnetization being more than for five years. 

[Claim 20] The design method of the magnetic recording medium according to claim 15 which the aforementioned heating 
means is laser, and the aforementioned magnetic field impression means is the magnetic head, and is characterized by 
adjusting the distance of laser and the record gap of the magnetic head. 



[Translation done.] 
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